We conducted a retrospective study of a stratified random sample of 10 hospitals in North Carolina. A total of 100 admissions per quarter from January 2002 through December 2007 were reviewed in random order by teams of nurse reviewers both within the hospitals (internal reviewers) and outside the hospitals (external reviewers) with the use of the Institute for Healthcare Improvement's Global Trigger Tool for Measuring Adverse Events. Suspected harms that were identified on initial review were evaluated by two independent physician reviewers. We evaluated changes in the rates of harm, using a random-effects Poisson regression model with adjustment for hospital-level clustering, demographic characteristics of patients, hospital service, and high-risk conditions.
I n December 1999, the Institute of Med icine (IOM) reported that medical errors cause up to 98,000 deaths and more than 1 million injuries each year in the United States. 1 In response, accreditation bodies, payers, nonprofit organizations, governments, and hospitals launched major initiatives and invested considerable resources to improve patient safety. 24 Some interventions have been shown to reduce errors, such as implementing computerized provider order-entry systems, 5, 6 limiting residents' work shifts to 16 consecutive hours, 79 and implementing evidence-based care bundles. 10, 11 However, many of these interventions have not been evaluated rigorously 12 or implemented reliably on a large scale. 1316 Unfortunately, it remains unclear whether, in the aggregate, efforts to reduce errors at national, regional, and local levels have translated into significant improvements in the overall safety of patients.
To address this persistent uncertainty, 17, 18 we sought to determine whether statewide rates of harm have been decreasing over time in North Carolina. We chose North Carolina as a site that was likely to have improvement, since it had shown a high level of engagement in efforts to improve patient safety, including a 96% rate of hospital enrollment in a previous national improvement campaign, as compared with an average rate of 78% in other states, 19, 20 and extensive participation in statewide safety training programs and improvement collaboratives. 19 
Me thods

Study Design
We applied the Institute for Healthcare Improvement's Global Trigger Tool for Measuring Adverse Events to randomly selected medical records of patients who had been discharged between January 2002 and December 2007 in 10 randomly selected hospitals in North Carolina. During the past few years, trigger tools (instruments that facilitate efficient, focused reviews of medical records) have been developed to measure rates of harm resulting from medical care. 21, 22 The trigger tool was developed to provide a reliable hospitalbased measure for tracking rates of harm over time. 23, 24 Data collection and initial analyses were over-seen by a clinical research organization, Batelle Health and Life Sciences Global Business. We obtained approval for the study from the institutional review boards at Battelle and participating hospitals. A detailed description of the study methods has been reported previously. 25 The requirement for written informed consent was waived by the institutional review board, since the study was retrospective and involved record review only. The study was supported by a grant from the Rx Foundation, which had no role in the design of the study; the collection, analysis, or interpretation of the data; or approval of the manuscript.
Hospital Selection
All acute care North Carolina hospitals listed in the American Hospital Association (AHA) database except those providing exclusively pediatric, rehabilitation, or psychiatric care were eligible for selection for the study. These hospitals were stratified according to the AHA's definition of the facility as small, medium, or large; urban or rural; and teaching or nonteaching. The number of hospitals that underwent randomization for inclusion in each stratum reflected the proportion of national discharges from that type of hospital. If an invited hospital declined to participate, another closely matched hospital was randomly invited to participate in its stead.
Record Selection
In each hospital, 10 randomly selected admissions of at least 24 hours in each quarter from January 2002 through December 2007 (240 records per hospital) were reviewed. The records of patients who were under the age of 18 years and those who were admitted primarily for psychiatric or rehabilitation care were excluded. Reviews of the records with the use of the trigger tool were conducted both by a team of hospital-based (internal) reviewers, who worked in the hospitals where they reviewed charts, and a team of external reviewers, who worked elsewhere and were hired and supervised by Batelle. Both internal and external teams were made up of primary reviewers, typically nurses, and secondary physician reviewers with expertise in hospital care. Internal and external teams were trained in an identical manner, with a standardized series of Internal and external review teams independently conducted two-stage reviews of the same records in each hospital. Within each team, a primary reviewer conducted a review of each record using the trigger tool, which consists of 52 triggers, or clues, in patient records that indicate the possibility of medically induced harm. When primary reviewers found a trigger (e.g., administration of naloxone, which is often used to reverse the effects of an inadvertent narcotic overdose), they investigated the chart further to determine whether harm resulting from medical care had apparently occurred. Injuries associated with previous treatment that were identified as present at admission, as well as those that occurred during the index hospitalization, were captured in an effort to determine the total burden of harm resulting from medical care.
The primary review of each record was performed with the use of the trigger tool in a standardized fashion in 20 minutes or less. The order of record review by primary reviewers was randomized (i.e., reviews were not conducted in order of admission date) to prevent any distortion in the results over time by the reviewers' gradual accumulation of experience with the trigger tool. In addition, dates of hospitalization were concealed from the reviewers to prevent any bias in chart review (e.g., the possibility that internal reviewers might have a bias toward seeing improvement over time).
Primary reviewers prepared one-to two-paragraph summaries of all suspected harms, which were presented in a second stage to two independent physician reviewers, who were likewise unaware of dates of hospitalization. The physician reviewers made final determinations about the presence, severity, and preventability of any suspected harms identified. We used the index of the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) 26 to evaluate severity, with lower-severity harms defined as those in category E (temporary harms requiring intervention), and higher-severity harms defined as those in category F (temporary harms requiring initial or prolonged hospitalization), category G (permanent harms), category H (lifethreatening harms), or category I (harms causing or contributing to death). Examples of harms in each of the NCC MERP Index categories are provided in the Supplementary Appendix, available with the full text of this article at NEJM.org. We used a Likert scale (with scores ranging from 1 for "definitely not preventable" to 4 for "definitely preventable") to evaluate preventability. Cases in which physician reviewers disagreed were discussed, and consensus was achieved. Interrater reliability was calculated from prediscussion ratings.
Reliability
We assessed the reliability of the abstraction and rating process through multiple checks of interrater and intrarater reliability for each stage of review. In within-team checks on seven of seven reliability tests, internal review teams performed more reliably, with kappa scores for reliability ranging from 0.64 (substantial) to 0.93 (almost perfect), than did external reviewers, with kappa scores ranging from 0.40 (moderate) to 0.72 (substantial). 25 Kappa scores for preventability ratings were 0.83 for internal reviewers and 0.54 for external reviewers.
In addition, as previously reported, 25 a team of expert reviewers with extensive experience with the trigger tool reviewed a 10% sample of records from each hospital to provide a metric by which to adjudicate any differences in findings between teams. Internal reviewers and experienced reviewers agreed about the presence of harm in 81% of reviews (kappa score, 0.49), as compared with 75% agreement (kappa score, 0.32) between external reviewers and experienced reviewers. Likewise, internal reviewers had a higher kappa score for agreement with experienced reviewers on ratings of severity than did external reviewers (0.53 vs. 0.26). 25
Statistical Analysis
We used a Poisson regression model with random effects to account for hospital-level clustering and a term indicating the hospital-admission date (24 quarters during a 6-year period) in order to assess changes in the rate of harm (number of harms per 1000 patient-days and per 100 admissions) over time. To account for the possibility that changes in harm rates over time were confounded by changes in demographic characteristics of patients or in the severity of illness, we conducted additional Poisson regression analyses, adding terms to adjust for sex, age, race, insurance group, and whether the patient was admitted to an intensive care unit, obstetrical or gynecologic service, or surgical service or had a high risk of harm. We calculated the risk of harm using the Clinical Classification Software of the Agency for Healthcare Research and Quality (AHRQ) to group codes from the International Classification of Diseases, 9th Revision (ICD-9) into 200 groups. A high risk of harm was defined as 1 of 20 ICD-9 codes (principal diagnosis) that were associated with at least 50% of the harms in the aggregated data from all 6 years. On the basis of an anticipated 40 harms per 100 admissions, 21 the study had a power of 80% to detect a decreasing trend in harms equivalent to a reduction in harms from 40 per 100 admissions in 2001 to 30 per 100 admissions in 2007. A two-sided P value of less than 0.05 was considered to indicate statistical significance.
R e sult s
Number, Type, and Severity of Harms
We invited 14 hospitals to participate in the study in order to reach the enrollment goal of 10 hospitals (71% participation rate). Internal teams completed 2341 of 2400 planned record reviews (97.5%) in the 10 study hospitals. A total of 588 harms were identified for 10,415 patient-days that were studied, for a rate of 56.5 harms (95% confidence interval [CI], 52.0 to 61.2) per 1000 patient-days or 25.1 harms (95% CI, 23.1 to 27.2) per 100 admissions. These harms occurred in 423 unique patient admissions (18.1%). Harms that were detected were a consequence of procedures (186), medications (162), nosocomial infections (87), other therapies (59), diagnostic evaluations (7) , and falls (5), among other causes (Table 1) .
Of 588 harms that were identified, 245 (41.7%) were temporary harms requiring intervention (category E on the NCC MERP Index), and 251 (42.7%) were temporary harms requiring initial or prolonged hospitalization (category F). An additional 17 harms (2.9%) were permanent (category G), 50 (8.5%) were life-threaten-ing (category H), and 14 (2.4%) caused or contributed to a patient's death (category I) ( Fig. 1) . A total of 4.4 harms per 100 admissions (17.9%) were present on admission; the remainder, 20.7 per 100 admissions (82.3%), occurred during the studied hospital admission.
External teams completed 2374 of the 2400 planned record reviews (98.9%), identifying 429 harms during 10,675 patient-days, for a rate of 40.2 harms (95% CI, 36.5 to 44.2) per 1000 patient-days ( Fig. 1 ).
Preventable Harms
We conducted an analysis of preventable harms on the basis of 588 harms that were identified with the use of the trigger tool. Among these harms, internal reviewers rated 364 (63.1%) as preventable ( Table 1 ). The large majority of identified harms were classified as category E (144) or category F (163) harms. Of the identified preventable harms, 13 caused permanent harm (category G), 35 were life-threatening (category H), and 9 caused or contributed to a patient's death (category I).
Changes in Rate of Harms over Time
There was no significant change over time in the rate of harms identified by internal reviewers. Poisson regression that accounted for hospitallevel clustering and changes over time showed a nonsignificant 1% reduction per year in the rate of harms per 1000 patient-days (reduction factor, 0.99; 95% CI, 0.95 to 1.04; P = 0.72) ( Fig. 2A ). The rate of harms per 100 admissions likewise did not change significantly (Fig. 3A) . Moreover, subanalyses of changes in preventable harms (reduction factor, 0.99; 95% CI, 0.93 to 1.05; P = 0.77) and harms of higher severity (NCC MERP categories F through I) revealed no significant differences over time in rates per 1000 patient-days ( Fig. 2C and 2E , respectively) or rates per 100 admissions ( Fig. 3C and 3E , respectively).
External reviewers identified fewer harms overall than did internal reviewers, with no significant change over time in the overall rate of harms per 1000 patient-days (reduction factor, 0.97; 95% CI, 0.92 to 1.03; P = 0.33) ( Total events  26  17  2  4  3  52  21  15  2  3  2  43   Fluid overload  2  3  0  1  0  6 in 2007 (reduction factor, 0.91; 95% CI, 0.84 to 0.994; P = 0.04) (Fig. 2D) . On a per-admission basis, the unadjusted rate of preventable harms also decreased during the study period, from 10.2 harms per 100 admissions in 2002 to 6.5 harms per 100 admissions in 2007 (annual reduction factor, 0.91; 95% CI, 0.84 to 0.99; P = 0.03) (Fig. 3D ). There were no significant changes in rates of higher-severity harms (categories F through I) over time ( Fig. 2F and 3F ).
Renal or endocrine system
Risk Adjustment
Multivariate analysis of internal reviews with adjustment for demographic features, hospital service, and high-risk conditions had little effect on the primary study results, with a nonsignificant reduction in harms per 1000 patient-days (annual reduction factor, 0.99; 95% CI, 0.94 to 1.04; P = 0.61). In multivariate analysis of external reviews, there was also a nonsignificant reduction in harms (annual reduction factor, 0.98; 95% CI, 0.93 to 1.04; P = 0.47). For the rate of preventable harms per 1000 patient-days, external reviews showed a reduction that did not reach statistical significance (reduction factor, 0.92; 95% CI, 0.85 to 1.00; P = 0.06); internal reviews showed no reduction (reduction factor, 1.00; 95% CI, 0.94 to 1.06; P = 0.92).
Discussion
In a statewide study of 10 North Carolina hospitals, we found that harm resulting from medical care was common, with little evidence that the rate of harm had decreased substantially over a 6-year period ending in December 2007. Although there was a modest reduction in the rate of preventable harms on the basis of external reviews, the reduction did not reach statistical significance in adjusted analyses. This apparent reduction was not substantiated by the internal reviews, which by all measures were of higher quality than the external reviews (i.e., higher within-team reliability at both primary and secondary review stages and higher agreement with experienced reviewers). 25 Our findings validate concern raised by patient-safety experts in the United States 17 and Europe 18 that harm resulting from medical care remains very common. Though disappointing, the absence of apparent improvement is not entirely surprising. Despite substantial resource allocation and efforts to draw attention to the patient-safety epidemic on the part of government agencies, health care regulators, and private organizations, 24 the penetration of evidence-based safety practices has been quite modest. For example, only 1.5% of hospitals in the United States have implemented a comprehensive system of electronic medical records, and only 9.1% have even basic electronic record keeping in place; only 17% have computerized provider order entry. 13 Physicians-in-training and nurses alike routinely work hours in excess of those proven to be safe. 79, 27, 28 Compliance with even simple interventions such as hand washing is poor in many centers. 14 A reliable measurement strategy is required to determine whether efforts to enhance safety are resulting in overall improvements in care, either locally or more broadly. 18 Most medical centers continue to depend on voluntary reporting to track institutional safety, despite repeated studies showing the inadequacy of such reporting. 29, 30 The patient-safety indicators of the AHRQ are susceptible to variations in coding practices, and many of the measures have limited sensitivity and specificity. 24, 31 Recent studies have shown that the trigger tool has very high specificity, high reliability, and higher sensitivity than other methods. 24, 25 Manual use of the trigger tool is labor-intensive, but as electronic medical records become more widespread, automating trigger detection could substantially decrease the time required to use this surveillance tool.
Our study has several limitations. First, North Carolina may not be representative of the United States as a whole. We chose North Carolina because of its high level of engagement in efforts to improve patient safety. In addition, the state has a reputation for being especially proactive regarding patient safety through the North Carolina Hospital Association and the North Carolina Center for Hospital Quality and Patient Safety 19 and was rated as one of the most "engaged" states in the Institute for Healthcare Improvement's harm-reduction campaigns. 20 Second, we studied only 10 randomly selected hospitals. Although we sought through our stratification and randomization procedure to ensure All reviews were performed with the use of the Institute for Healthcare Improvement's Global Trigger Tool. Highseverity harms were those reported in categories F through I of the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) Index, ranging from harm requiring initial or prolonged hospitalization to harm causing death. The I bars indicate 95% confidence intervals. that the selected hospitals were representative, it is possible that these 10 hospitals differ from other North Carolina hospitals in some unrecognized manner. Third, any record review is limited to the information provided in the record. However, the trigger tool has been found to detect harm at higher rates than previous methods of record review, 3234 hospital incident reporting, 24 and administrative database algorithms, such as patient-safety indicators of the AHRQ. Although the rates of reliability (both interrater and intra-rater) and the specificity of internal reviews were high in our study, the newly trained reviewers who participated in the study detected fewer harms than did highly experienced reviewers. Additional monitoring and training may be needed in future studies to bring all reviewers to an expert level of proficiency. 35 Finally, our study was powered to detect a 25% reduction in the incidence of harms over a 6-year period, and change in the incidence of all harms, rather than preventable harms, was the primary outcome of the study, since definitions of preventability are prone to change over time.
Although the lack of a significant reduction in harm suggests that the Institute of Medicine's ambitious goal of a 50% reduction during a 5-year period has not been met, 1 we cannot rule out the possibility of smaller improvements, particularly since the baseline rate of harms that was detected in this study was somewhat lower than anticipated. We also cannot rule out a reduction in harms that was not captured by the trigger tool. The finding in this study of reductions in preventable harms (though not total harms) of borderline statistical significance on the basis of external reviews suggests the possibility that some improvements are beginning to occur, though further longitudinal studies using robust methods will be needed to determine whether this is, in fact, the case. There was some apparent variation among hospitals in rates of change over time, but the study was not powered to examine such variation reliably or to explore the effect of specific hospital-based improvements on rates of harm in particular hospitals. Rather, our goal was to evaluate the aggregate effects of efforts to improve safety across hospitals.
In conclusion, harm to patients resulting from medical care was common in North Carolina, and the rate of harm did not appear to decrease significantly during a 6-year period ending in December 2007, despite substantial national attention and allocation of resources to improve the safety of care. Since North Carolina has been a leader in efforts to improve safety, a lack of improvement in this state suggests that further improvement is also needed at the national level. Although the absence of large-scale improvement is a cause for concern, it is not evidence that current efforts to improve safety are futile. On the contrary, data have shown that focused efforts to reduce discrete harms, such as nosocomial infections 10, 36 and surgical complications, 37 can significantly improve safety. However, achieving transformational improvements in the safety of health care will require further study of which patient-safety efforts are truly effective across settings and a refocusing of resources, regulation, and improvement initiatives to successfully implement proven interventions.
